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Intertidal  and  subtidal  benthic  communities  are  not  static  but 
frequently  change  in  response  to  natural  (e.g.,  predation  and  storms) 
and  man-made  (e.g.,  pollution  and  experimental  clearance)  disturbances. 
Studies  conducted  along  the  Pacific  coast  of  California,  Oregon,  and 
Washington,  indicate  that  the  time  needed  for  benthic  marine  populations 
to  recover  from  these  disturbances  ranges  from  less  than  1  month  to  over 
10  years  (Table  I).   Generally,  algal  populations  recover  much  more 
rapidly  than  invertebrate  populations.   For  a  community  or  association 
to  completely  recover,  all  populations,  or  at  least  all  of  the  major 
populations,  must  become  reestablished  at  pre-disturbance  abundances. 
This  typically  requires  at  least  2  years,  and  often  much  longer. 

It  is  difficult  to  determine  the  precise  time  required  for  a  population 
or  community  to  recover  because  many  factors  are  influential. 
Therefore,  the  recovery  times  given  in  Table  I  should  be  considered 
approximations.   One  very  important  factor  that  affects  recovery  times 
is  the  severity  of  the  disturbance.   For  example,  if  only  the  erect 
thallus  of  the  red  alga  Endocladia  muricata  is  removed,  recovery  will 
occur  within  6  months  (Glynn,  1965)  because  the  alga  can  regrow  from  the 
holdfast;  however,  if  the  holdfast  is  also  destroyed,  recovery  takes 
over  27  months  (Northcraft,  1948)  since  new  spore  colonization  is 
required.   Furthermore,  the  more  severe  the  disturbance  in  terms  of  the 
numbers  of  species  and  individuals  killed  or  injured,  the  total  area 
impacted,  and  the  length  of  the  disturbance,  the  longer  it  will  take  a 
population  to  recover. 


The  year  or  time  of  year  of  a  disturbance  also  may  influence  how  long  is 
needed  for  community  recovery.   Extensive  repopulation  by  most  species 
will  not  begin  until  their  setting  period  which  may  be  up  to  a  year 
later  for  those  with  short  reproductive  periods.   Additionally, 
reproductive  success  varies  from  year  to  year  and  in  some  cases  may  not 
be  very  successful  for  several  years  (Paine,  1974).   Once  established,  a 
species  may  enhance  or  inhibit  the  recolonization  of  other  species.   For 
example,  Paine  (1977)  reported  that  when  an  intertidal  area  in 
Washington  was  cleared  in  the  spring  while  there  were  many  propagules  of 
the  green  alga  Ulva  in  the  water,  Ulva  encumbered  the  spatial  resource 
and  prevented  or  delayed  invasion  of  other  species.   Therefore,  this 
intertidal  area  took  much  longer  to  regain  its  mature  community 
structure  when  it  was  disturbed  in  the  spring  (37  months)  than  when  it 
was  cleared  in  the  autumn  (20  months). 

The  time  required  for  a  species  or  an  association  to  recover  also  varies 
from  one  location  to  the  next.   Murray  and  Littler  (1979)  reported  that 
recovery  was  generally  slower  at  the  northern  end  of  the  Southern 
California  Bight  than  farther  south,  probably  due  to  differences  in 
water  temperature.   Therefore,  the  information  in  Table  I  for  a 
particular  taxon  or  assemblage  is  roughly  arranged  with  the  most 
northern  location  first  followed  by  sequentially  more  southerly  located 
areas. 

Another  factor  affecting  recovery  time  is  the  amount  of  disturbance  to 
which  a  population  is  normally  exposed.   For  example,  Murray  and  Littler 


(1978)  reported  that  an  area  exposed  to  sewage  pollution  took  only  0.8 
months  to  recover  from  experimental  clearance  by  scraping  and  burning, 
whereas  an  unpolluted  area  took  more  than  30  months. 

Finally,  recovery  time  depends  on  the  abundances  of  species  before  the 
disturbance  and  in  nearby  undisturbed  areas,  and  the  life  histories  of 
the  species. 

All  studies  of  the  time  required  for  Pacific  coast  benthic  marine 
populations  to  recover  from  natural  and  man-made  disturbances  of  which 
we  are  aware  have  been  included  in  Table  I.   Typically,  recovery  has 
been  monitored  following  the  experimental  clearance  of  an  area  by 
scraping,  burning,  or  exposing  new  surfaces  by  chipping  or  blasting  away 
with  dynamite  weathered  surfaces.   Although  these  studies  are  certainly 
valuable,  it  is  important  to  recognize  that  scraping  does  not  completely 
remove  crustose  forms,  burning  may  leave  chemical  residues,  and  exposing 
new  surfaces  by  chipping  or  blasting  with  dynamite  alters  the  natural 
rock  configuration.   Table  I  also  includes  1)  recovery  studies  following 
contamination  by  oil,  2)  recovery  studies  following  natural  disturbances 
such  as  predation  and  storms,  and  3)  studies  concerning  the  colonization 
of  a  new  substratum  when  the  time  needed  for  a  mature  community  to 
become  established  was  indicated. 

Recovery  times  are  reported  either  for  an  individual  species  or  an 
entire  association.   Generally,  recovery  of  an  association  is  much 
longer  than  for  one  species  because  the  former  is  usually  based  on  the 
species  with  the  slowest  recovery  rate.   Nearly  all  of  the  populations 


studied  primarily  occur  on  hard  surfaces.   Most  also  occur  in  the 
intertidal  zone. 

Recovery  times  have  been  determined  by  a  variety  of  methods  (see 
Table  I).   Perhaps  the  most  feasible  quantitative  method  for  determining 
recovery  of  the  entire  community  when  controls  are  available  is  to 
compare  the  percent  cover  of  each  species  to  comparable  undisturbed  data 
using  a  Bray-Curtis  similarity  coefficient  or  similar  analysis  (Cimberg, 
1975;  Murray  and  Littler,  1978,  1979).   Recovery  of  a  population  can  be 
quantitatively  determined  by  comparing  percent  cover  data  to 
pre-disturbance  data.   In  comparing  cover  values  by  these  methods  there 
is  no  assurance  that  the  typical  size  or  age  class  distribution  has  been 
reestablished  since  many  small  individuals  could  cover  the  same  area. 
However,  this  limitation  also  exists  and  is  probably  more  pronounced 
with  other  methods,  such  as  those  based  on  presence/absence  data  (i.e., 
time  when  settlement  was  first  observed)  and  density  data.   Therefore, 
although  Murray  and  Littler  (1979)  reported  recovery  for  macroinverte- 
brate  populations  based  on  density  as  well  as  cover,  only  the  recovery 
times  based  on  cover  are  included  in  Table  I.   In  extracting  recovery 
times  from  the  tables  presented  by  Murray  and  Littler,  recovery  was 
considered  complete  when  the  percent  cover  was  approximately  equal  to  or 
greater  than  the  pre-disturbance  value.   Furthermore,  only  recovery 
times  of  the  most  abundant  species  from  each  of  their  study  areas  are 
shown  in  Table  I  because  recovery  of  rare  species  can  be  easily  affected 
by  a  few  chance  settlements  and,  therefore,  could  vary  greatly  each  time 
it  is  measured. 


Since  many  populations  require  a  long  period  to  recover,  complete 
recovery  was  not  always  observed.   Occasionally,  the  recovery  times  were 
estimated.   If  recovery  was  not  observed  or  predicted,  the  time  was 
preceded  by  a  "greater  than"  sign  (>)  in  Table  I  to  indicate  a  longer 
period  than  observed.   A  population  with  a  >24  month  recovery  time  may 
actually  recover  in  25  months  or  may  require  over  10  years.   Also,  a 
population  with  a  >12  month  recovery  time  will  not  necessarily  recover 
faster  than  one  with  a  >24  month  recovery  time.   Recovery  of  the  first 
population  was  merely  monitored  for  a  shorter  period.   A  "less  than  or 
equal  to"  sign  (_<)  signifies  recovery  occurred  by  the  time  indicated, 
but  the  last  monitoring  was  not  for  a  long  period  of  time  (usually  12 
months)  so  it  may  have  occurred  much  more  rapidly. 

Several  aspects  of  the  life  histories  of  benthic  marine  invertebrates 
greatly  influence  and  can  be  used  to  predict  recovery  times.   As  noted 
previously,  extensive  repopulation  by  most  species  will  not  begin  until 
their  setting  period  which  may  be  up  to  a  year  later  for  those  with 
short  reproductive  periods.   After  a  new  generation  has  settled,  it  must 
reach  sexual  maturity  before  it  can  be  assumed  that  a  population  will 
persist  in  an  area.   To  be  completely  recovered,  a  population  must 
reestablish  its  pre-disturbance  size  or  age  class  structure  which 
typically  includes  at  least  a  few  individuals  near  their  maximum  life 
expectancies. 

Tables  II  and  III  provide  a  summary  of  information  on  the  life  histories 
of  Pacific  coast  benthic  marine  invertebrates  from  rocky  and  soft  bottom 


habitats,  respectively.   In  obtaining  this  information  the  emphasis  was 
placed  on  rocky  intertidal  species,  but  information  on  other  species  was 
included  when  obtained.   As  suggested  by  Giese  and  Pearse  (1974), 
spawning  season  was  only  used  to  indicate  the  period  when  gametes  are 
released,  and  was  distinguished  from  the  brooding,  egg-laying  and  larval 
release  periods.   However,  earlier  authors  often  did  not  distinguish 
these  periods,  so  determining  the  proper  placement  of  information  was 
sometimes  difficult. 

Marine  invertebrates  spawn  during  different  seasons  depending  on  the 
species.   Those  that  have  been  thoroughly  studied  seem  to  spawn  all  year 
or  several  times  per  year  rather  than  in  distinct  annual  cycles. 
However,  reproduction  in  all  species  is  incompletely  known  and  addi- 
tional information  is  needed.   For  example,  even  though  a  species  may 
not  have  a  distinct  annual  cycle  through  its  entire  range,  populations 
or  individuals  in  isolated  areas  could.   This  assumption  is  based  on  the 
observation  that  the  spawning  season  of  some  species  seems  to  depend  on 
geographic  location.   Populations  in  Washington  sometimes  have  spawning 
seasons  which  do  not  overlap  at  all  with  populations  to  the  south. 
Occasionally,  spawning  may  merely  start  later  in  more  northern  areas, 
perhaps  in  response  to  an  increase  in  water  temperature  to  some  critical 
value.   Similarly,  mating  seasons  also  depend  on  the  species,  and  part 
of  the  variation  within  a  species  may  be  attributable  to  geographic 
location.   Additionally,  spawning  or  mating  seasons  may  vary  during 
succeeding  years. 


Since  reproduction  may  vary  with  geographic  Location,  the  life  history 
information  provided  in  Tables  II  and  III  has  been  arranged  with  the 
most  northern  area  first.   Whenever  the  location  was  uncertain,  it  was 
listed  as  "Pacific  Coast".   These  references  were  probably  not  the 
original  studies.   When  information  provided  by  one  author  for  a  given 
area  encompasses  all  of  the  information  from  others,  the  data  were 
pooled  on  one  line  and  all  authors  referenced.   This  is  particularly 
prevalent  at  Monterey  Bay  where  earlier  studies  were  only  conducted 
during  the  summer  months.   However,  if  the  findings  conflict,  the  data 
are  provided  on  separate  lines  for  each  author. 

Sexual  maturity  is  reached  rapidly,  usually  by  2  years,  for  most 
invertebrates.   However,  some  commercially  and  ecologically  valuable 
taxa  such  as  the  spiny  lobster  Panulirus  interruptus  and  the  red  abalone 
Haliotis  rufescens  do  not  reach  sexual  maturity  for  about  6  years. 

The  maximum  life  expectancy  of  most  invertebrates  is  about  10  years  or 
less.   However,  several  important  species  live  much  longer.   For 
example,  the  sea  anemone  Anthopleura  elegantissima  may  live  80+  years, 
chitons  live  20-25+  years,  the  starfish  Pisaster  ochraceus  lives  34 
years,  the  worm  Urechis  caupo  lives  about  25  years,  and  the  pismo  clam 
Tivela  stul torum  lives  from  10  to  53  years. 

Several  methods  have  been  used  to  determine  spawning  times,  ages  at 
sexual  maturity  and  maximum  life  expectancies  (see  Tables  II  and  III). 
A  description  of  the  methods  used  to  determine  spawning  times  is 
provided  by  Giese  and  Pearse  (1974).   The  value  of  the  methods  used  to 


determine  ages  at  sexual  maturity  and  maximum  life  expectancies  depends 
on  the  species  and  geographic  location  so  the  methods  sections  of  the 
individual  publications  should  be  consulted.   if  a  method  was  not  given 
or  was  not  clear,  it  was  assumed  that  field  observations  were  used. 

In  general,  interpretation  of  data  was  avoided.   For  example,  if  the 
larval  period  and  length  were  known,  the  setting  period  could  be 
surmised.   However,  unless  the  author  indicated  the  setting  period,  it 
was  not  given  in  Tables  II  or  III.   Similarly,  the  setting  period  of 
many  species  probably  could  be  approximated  from  the  raw  data  of 
recovery  studies  listed  in  Table  I.   However,  this  was  not  done  since 
many  types  of  data  can  be  misinterpreted  without  a  thorough 
understanding  of  the  study. 

Data  on  the  life  histories  of  algae  have  not  been  tabulated  due  to  time 
constraints.   Many  algae  produce  spores  all  year:   Sargassum  muticum 
(Nicholson,  in  press),  Gigartina  agardhii  (West,  1972),  Macrocystis 
pyrifera  (Oregon  State  University,  1971),  Gigartina  spinosa,  Iridaea 
f laccida ,  Rhodoglossum  affine  (Northcraft,  1948),  while  others  reproduce 
seasonally  such  as  Prionitis  lanceolata  (Northcraft,  1948).   Age  at 
sexual  maturity  is  about  1  year  for  Macrocystis  pyrifera  (North,  1971). 
The  life  span  of  some  algae  is  quite  short :   Egregia  menziesii  1  to  2 
years  (Proctor,  1968),  Nereocystis  luetkeana  1  to  2  years  (Carefoot, 
1977;  Setchell,  1908),  Eisenia  arborea  2  years  (Foster,  1975).   However, 
articulated  coralline  algae  may  live  over  10  years  (Foster,  1975)  and 
clones  of  Pterocladia  capillacea  can  persist  for  at  least  40  years 


(Dixon,  1973). 

In  summary,  repopulation  studies  indicate  that  the  time  needed  for 
benthic  marine  populations  along  the  Pacific  coast  of  the  United  States 
to  recover  from  natural  and  man-made  disturbances  ranges  from  less  than 
1  month  to  over  10  years.   For  a  community  to  completely  recover,  all 
populations,  or  at  least  all  of  the  major  populations,  must  become 
reestablished  at  pre-disturbance  abundances.   This  typically  requires  at 
least  2  years,  and  often  much  longer.   Many  factors  influence  the 
lengths  of  these  recovery  times  including  the  severity  of  the 
disturbance,  the  year  or  time  of  year  of  the  disturbance,  the  geographic 
location,  the  amount  of  disturbance  to  which  a  population  is  normally 
exposed,  the  abundances  of  species  before  the  disturbance  and  in  nearby 
undisturbed  areas,  and  the  life  histories  of  the  species.   Based  on  life 
history  information,  recovery  of  most  species  will  begin  in  less  than  1 
year,  but  it  cannot  be  assumed  they  will  persist  in  an  area  until  sexual 
maturity  is  reached.   This  occurs  by  2  years  for  most  species.   Complete 
recovery  will  not  occur  until  the  pre-disturbance  size  or  age  class 
structure  is  reestablished.   Often  this  requires  at  least  a  few 
individuals  near  their  maximum  life  expectancies  and,  therefore,  may 
take  10  years  or  more.   Thus,  based  both  on  repopulation  and  life 
history  information,  benthic  marine  communities  will  need  at  least  2 
years  and  often  10  years  or  more  to  recover  from  natural  and  man-made 
disturbances.   Further  recovery  and  life  history  studies  are  necessary 
to  evaluate  the  effects  of  these  disturbances  on  marine  populations,  and 
to  more  precisely  predict  recovery  times. 
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